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[57] ABSTRACT 

A channel resource utilization level associated with a par- 
ticular cell area is continuously evaluated against a pre- 
defined threshold value. The imposed threshold value indi- 
cates the mininaum level of channel resource utilization 
desired by the serving mobile telecommunications network. 
In response to a determination from the evaluation that a 
particular cell area is being under-utilized, a message indi- 
cating that a reduced air-time rate is being ofifered is broad- 
cast to all mobile stations currently traveling within the 
affected cell area. 

23 Claims, 3 Drawing Sheets 
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LOAD BASED CHARGING WITHIN A 
MOBILE TELECOMMUNICATIONS 
NETWORK 

CROSS REFERENCE TO RELATED 

APPUCATIONS ^ 

This applicatioQ is related to U.S. application for patent 
Ser. No. 08/766,727, filed Dec. 13, 1996, entitled "Optimal 
Use of Logical Channels Within A Mobile Telecommunica- 
tions Network", and to U.S. application for patent Ser. No. 
08/699,661, filed Dec. 9, 1996, entitled "Broadcasting Mes- 
sages To Mobile Stations Within A Geographic Area", all 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 

The present invention relates to a mobile telecommuni- 
cations network and, in particular, to the provision of 
variable charging rates within such a network. 

2. Description of Related Art 

A "radio interface" or "air interface" provides the con- 
nection between a particular mobile station traveling within 
a particular cell area and the base transceiver station (BTS) 
providing radio coverage for that particular cell area. Within 
both analog and digital communications systems, the num- 25 
ber of frequency channels allocated for effeauating air- 
interfaces with mobile stations traveling within a particular 
cell area is fixed. Because of this limitation, mobile service 
providers often employ a number of channel resource man- 
agement schemes to better utilize and to manage these 39 
valuable channel resources. One such scheme includes 
imposing different tarifik or charging rates for calls depend- 
ing on the time of the day or day of the week. For example, 
during business hours a larger number of mobile subscribers 
tend to use their mobile stations, and the use of channel 35 
resources is maximized. As a result, the air-time is consid- 
ered as "peak" hours and mobile subscribers are charged at 
a higher rate. After business hours, a lesser number of 
mobile subscribers tend to utilize their mobile service. The 
air-time is then considered as "off-peak" hours and mobile 40 
subscribers are charged at a lower rate. The main rationale 
behind these charging plans is based on a predicted or 
estimated intensity of the usage of the finite number of radio 
channels available within the coverage area. Accordingly, 
the serving mobile service provider utilizes the differences 45 
in charging rates to discourage the use of valuable channel 
resources during peak hours and to encourage the use of 
under-utilized diannel resources during off-peak houirs. 

However, it has been shown that such a prediction or 
estimation of channel utilization is not always accurate or 50 
uniform. As an illustration, a first cell covering a mosUy 
residential area might have a lower load even during the 
peak hours. A second cell covering a mosdy business area 
might have a high-fluctuation load level throughout the day. 
Therefore, even in periods with a low resource utilization ss 
level, subscribers are discouraged by the associated high 
air-time rate from using otherwise idle resource channels. 
Furthermore, after implementing such a system, all cells 
associated within a particular serving area are globally 
affected by the imposed system regardless of their individual 60 
call load However, a charging plan affecting all of the 
associated cell areas globally when each individual cell has 
a different load and resource utilization level does not 
provide an optimum channel resource management scheme. 

There is a need then for a mechanism to selectively 65 
provide different charging rates or plans per each cell 
depending on the associated call load. 
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SUMMARY OF THE INVENTION 

A plurality of mobile service areas, such as cell areas, are 
continuously monitored by a serving mobile switching cen- 
ter (MSC). When communications charmel resources within 
a cell area are under-utilized, an indication is broadcast to all 
mobile stations traveling within that particular cell area. Tliis 
indication informs the mobile subscribers that a reduced 
charging rate is currently in effect within that area. 

In one embodiment of the present invention, a base station 
controller (BSC) associated with each of the cell areas 
periodically reports data representing the associated channel 
utilization level to the serving MSC. The serving MSC then 
compares the received data with a threshold value associated 
therewith. If the received data represents a utilization level 
below the threshold value, the above indication is broadcast 
to all mobile stations traveling within the associated cell 
area. 

As an alternative, each BSC is associated with a threshold 
level. When the channel utilization level falls below the 
associated threshold level, the serving MSC is informed. 
The serving MSC then instructs the BSC to broadcast the 
indication of reduced charging rates to the mobile stations. 

In another embodiment, the serving MSC broadcasts over 
a Cell Broadcast Channel indicating that a reduced charging 
rate is being applied to all mobile stations traveling within 
that particular ceU area. 

In yet another embodiment, the serving MSC broadcasts 
system information over one of the control channels, such as 
a broadcast channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and appa- 
ratus of the present invention may be had by reference to the 
following detailed description when taken in conjunction 
with the accompanying drawings wherein: 

FIG. 1 is a diagram of a mobile service area including a 
plurality of cell areas; 

FIG. 2 is a diagram of a Public Land Mobile Network 
(PLMN) illustrating a serving MSC monitoring the utiliza- 
tion level associated with each cell area; and 

FIG. 3 is a diagram of a PLMN illustrating a serving MSC 
transmitting an indication to associated mobile stations 
traveling within a particular geographic area. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a mobile service area including a 
plurality of cell areas. A particular mobile telecommunica- 
tions network is divided into a number of geographic areas 
10, each area being served by a particular mobile telecom- 
munications node. Such a mobile telecommunications node 
includes a mobile switching center (MSC) 30 and a visitor 
location register (VLR) 40 (usually there is a one-to-one 
relationship between an MSC 30 and its associated VIR 40 
and is often referenced collectively as an MSC/VLR). Each 
geographic area 10 being served by a particular MSC/VLR 
(hereinafter referred to as an MSC coverage area) is further 
partitioned into a number of location areas 70. A location 
area 70 is a part of the MSC coverage area 10 in which a 
mobile station may paove freely without updating location 
information to the serving MSCA^^R. Therefore, a location 1 
area 70 is the area where a paging message is broadcast to I 
find the called mobile station for\an incoming call connec- I 
tion. Each location area 70 is then furthered divided into a 
plurality of cell areas 50. Each cell area 50 is then served by 
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^Aan individual base transceiver station (BTS) or base station 
[coDtroIier (BSC) to provide radio coverage towards mobile 
stations or terminals traveling within that cell area. 
Accordingly, each BTS or BSC is assigned with a number of 

^ frequency channels for effectuating air-interfaces with asso- 
ciated mobile stations. 

FIG. 2 is a diagram of a public land mobile network 
(PLMN) illustrating a serving MSC 30 monitoring the 
utilization level associated with each cell area 50 in accor- 
dance with the teachings of the present invention. As 

(described above, each MSC 30 serves multiple cell areas 50 
by way of multiple base station controllers 100 and/or BTSs 
110. For exemplary purposes, a number of cell areas 50 are 
shown placed linearly adjacent to each other. It is to 
understood, however, that any other types of cell patterns or 
structures, such as a typical hexagonal grid pattern, are ako 
applicable for the present invention. Furthermore, for 
illustration, only one cell area is associated with each BSC 
100. However, it is to be understood that each BSC 100 may 
serve multiple cell areas by way of multiple BTSs HO. 

In one embodiment of the present invention, a register 120 
associated with the serving MSC 30 stores a threshold value 
imposed by the serving mobile telecommunications net- 
; work. The imposed threshold value indicates the minimiim 
level of channel utilization desired by the serving network 
within each cell area 50. As an alternative, the register 120 
may store a separate threshold level for each of the associ- 
ated cell areas 50. For example, for a cell area 50 with a 
relatively constant or uniform utilization level, a higher 
threshold value may be imposed. On the other hand, for a 
cell area 50 with a relatively volatile or high variable 
utilization level, a lower threshold value may instead be 
imposed. 

An application module 130 associated with the serving 
MSC 30 periodically requests and receives data representing 
the current channel utilization level from each BSC 100. For 
a network configuration where the antennas or BTSs 110 are 
directly connected to the serving MSC 30 without the use of 
BSCs 100 (link 60), the application module 130 directly 
evaluates the utilization level associated with each cell area 
50. The application module 130 then determines whether the 
^ channel resource utilization level associated with a particu- 
lar cell area 50 is less than the associated threshold level. In 
case of a global threshold value, a simple comparison 
between the global threshold value and the determined 
channel utilization level is made. In case each cell area 50 
is associated with a respective threshold value, the applica- 
tion module identifies the cell area, determines the corre- 
sponding threshold value, and evaluates the received data 
with the determined threshold value. A cell area 50 with a 
below the threshold level utilization level may then be 
. identified as being under-utilized. 

In order to maximize revenue and to increase call capacity 
I within that under-utilized cell area 50, the application mod- 
ule 130 reduces the effective air-time rate, and broadcasts an 
I indication to all mobile stations traveling within that par- 
ticular cell area 50 informing that a reduced charging rate 
will be in effect for subsequent call connections. Such 
indications are periodically broadcast while the utilization 
level remains below the desired threshold level. 
Alternatively, such an indication is broadcast after the uti- 
lization level stays below the threshold level for a predeter- 
mined amount of time. This is to ensure that an indication 
and the resulting reduced charges do not become effective 
for sporadic or irregular utilization time periods. 

In order to take advantage of the lower air-time charges, 
the associated mobile subscribers then tend to originate 
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outgoing call connections which they would not have origi- 
nated otherwise. By inducing an increase in the number of 
call connections by offering lower rate air-time charges to 
mobile subscribers, otherwise under-utilized channel 
resources arc then better utilized. For all calls subsequenUy 
received within the effective coverage area, the serving MSC 
adds data to the resulting charging record to indicate that the 
reduced air-time rate is being applied to the call. As an 
illustration, when a Global Standard for Mobile (GSM) 
based mobile station originates an outgoing call connection 
within a particular cell area, the associated cell identity is 
sent to the serving MSCA'I.R in a COMPLETE layer three 
(3) Information message. The application module 130 then 
compares the received cell identity with the previously 
identified low utilization cell area and determines that the 
call is being originated within the reduced charging area, A 
Toll Ticket (IT) ts then generated for the resulting call 
connection with an indication informing the associated 
billing center that a reduced charging rate needs to be 
applied for this particular air-interface. 

Once the utilization level associated with that particular U 
cell area increases to a level greater than the threshold value, Q 
another indication informing the mobile stations of a normal I 
air-time charging rate is broadcast. ' 

As another embodiment of the present invention, instead 
of the application module 130 associated with the serving 
MSC periodically requesting and receiving data represent- 
ing the utilization level associated with each ccU, an appli- 
cation module 150 associated with each of the BSC 100 
monitors its own utilization level. Each application module 
150 within the serving BSC 100 is individually associated A 
with a register (R) 160 and is capable of being assigned with | 
a different threshold value. In response to a determination a 
that its channel resource utilization has decreased to a level | 
lower than the desirable threshold level, the application 
module 150 informs the connected MSC 30. The application 
module 130 associated with the serving MSC 30 then 
instructs the serving BSC or BTS to broadcast the indication 
to all mobile stations located within the affected cell area. 

Alternatively, in case each BSC serves multiple cell areasM 
a plurahty of threshold values, each associated with a celll 
[area, may be stored and utilized by the application module. ' 

For exemplary purposes, a cell area 50 is used in FIG. 2 
to illustrate the teachings of the present invention. However, 
it will be understood that any other types of service areas, 
such as a location area 70, can be utilized in connection with 
the present invention and that the description of present 
invention in the context of cell areas 50 provided herein is 
50 by way of explanation of the invention rather than of 
Umitalion of the scope of the invention. 

Reference is now made to FIG. 3 illustrating a serving 
MSC 30 broadcasting an indication to associated mobile 
stations 140 traveling within a particular geographic area. In 
response to a determination that channel resources associ- 
ated with a particular cell area arc being under-utilized, the 
application module 130 instructs the associated BSC 100 or 
the BTS 110 to broadcast information to all mobile stations 
physically located within the affected cell area. Such infor- 
mation can be broadcast by a number of different ways. A 
message indicating that a reduced charging rate is being 
applied can be broadcast over a Cell Broadcast Channel 210. 
All mobile stations traveling within that particular cell area 
then monitor the Cell Broadcast Channel 210 and receive the 
broadcast information. Alternatively, system information 
informing the same can be broadcast over a broadcast 
channel (BCH) 220. The BCH 220 is normally used by the 
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serving mobile telecommunications network to broadcast 
cell or system information to the mobile stations traveling 
within the associated radio coverage area. The mobile sta- 
tions 140 then similarly receive the broadcast system infor- 
mation and accordingly inform the associated mobile sub- 
scribers of the reduced air-time charge. A text message or 
symbol, for example, can be displayed to the associated 
mobile subscribers. Other methods for broadcasting mes- 
sages towards mobile stations traveling within a particular 
geographic area are further disclosed in co-pending U.S. 
application for patent Scr. No. 08/699,661, filed Dec. 9, 
1996, entitled "Broadcasting Messages to Mobile Stations 
Within a Geographic Area,** incorporated by reference 
herein. 

As another embodiment of the present invention, mobile 
subscribers subscribe to a "flexible-charging" subscriber 
feature. Information indicating that the mobile subscriber 
has a subscription with the flexible-charging feature is then 
stored at the associated mobfle station 140 in, for example, j 
a Subscriber Identity Module (SIM) card 230 associated | 
with the subscriber. Whenever the above mentioned broad- 
cast data are received, each mobile station 140 retrieves the 
stored feature information from the associated SIM card 230 
and determines whether the associated mobile subscriber has 
a subscription to the flexible-charging feature. In response to 
an afifirmative determination, the subscriber is then accord- 
ingly informed. Otherwise, the associated mobile subscriber 
is not given the option of originating a call connection at a 
reduced rate. Accordingly, only the subscribers who have 
previously subscribed to the flexible-charging subscriber 
feature are able to receive and to utilize the cost-saving 
service featiu-e. 

Although a preferred embodiment of the method and 
apparatus of the present invention has been illustrated in the 
accompanying Drawings and described in the foregoing 
Delafled Description, it will be understood that the invention 
is not limited to the embodiment disclosed, but is capable of 
numerous rearrangements, modifications and substitutions 
without departing from the ^irit of the invention as set forth 
and defined by the following claims. 

What is claimed is: 

1. A method for providing a variable charging rate 
towards mobfle stations traveling within a mobile telecom- 
munications network, said method comprising the steps of: 

in the network: 

monitoring a traffic load associated with a particular 
geographic area; 

determining whether said monitored trafiBc load is less 
than a predetermined thre^old level associated with 
said geographic area; and 

broadcasting to each mobfle station within the geo- 
graphic areas an indication that a reduced charging 
rate is avaflable for calls; and 
in each mobfle station: 

determining whether a mobfle subscriber associated 
with the mobfle station has a subscription to a 
flexible-charging feature; and 

in response to an affirmative determination, informing 
the associated mobfle subscriber that a lower charg- 
ing rate in accordance with said flexible-charging 
feature wfll be applied for subsequent call connec- 
tions. 

2. The method of claim 1 wherein said step of monitoring 
said traffic load includes the step of monitoring said traffic 
load within a particular cell area. 

3. The method of claim 1 wherein said step of informing 
the associated mobile subscriber further comprises the step 
of broadcasting an indicative message over a CeU Broadcast 
Channel. 



4. The method of claim 1 wherein said step of informing 
the associated mobile subscriber further comprises the step 
of broadcasting an indicative message over a broadcast 
channel. 

5 5. The method of claim 1 wherein said geographic area is 
being served by a base station controUer (BSC), and said 
step of monitoring said traffic load within said particular 
geographic area further comprises the step of receiving data 
representing said trafGc load at a mobfle switching center 
(MSC) serving said geographic area from said BSC. 

6. The method of claim 5 further comprises the step of 
said BSC periodicaUy communicating said data representing 
current traffic load to said serving MSC. 

7. The method of claim 1 herein said geographic area is 
being served by a base station controller (BSC) and said step 
of monitoring said traffic load within said particular geo- 
graphic area further comprises steps of: 

determining whether said determined traffic load is lower 
than said threshold level by said BSC; and 
0 informing a mobfle switching center (MSC) serving said 
geographic area if said traffic load is less than said 
threshold level. 

8. The method of claim 1 wherein said telecommunica- 
tions network includes a plurafity of geographic areas and 

25 further comprises the step of associating a threshold value 
with each of said geographic areas. 

9. A system for optimizing the utilization of diannel 
resources within a pluraUty of ceU areas associated with a 
mobile telecommunications network, comprising: 

30 in the network: 

means for evaluating a channel utilization level within 

each of said ceU areas; 
means for determining from evaluated utilization levels 
which one of said plurality of ccU areas is currcnfly 
35 being undemtflized; and 

in the mobfle station: 

means for determining from stored feature information 
whether each associated mobfle subscriber has a 
subscription to a flexible-charging feature; and 
40 means for informing each mobfle subscriber having a 
subscription to the flexible-charging feature and 
traveUng within said imderutflized ceU area that a 
reduced charging rate is being applied. 

10. The system of claim 9 wherein said means for 
45 determining from said utilization level which one of said 

plurality of ccU areas is currenfly being under-utilized fur- 
ther comprises means for comparing said evaluated utiliza- 
tion level with a threshold value associated with each of said 
cell areas. 

50 11. The system of claim 9 wherein said means for 
informing each mobfle subscriber fiirther comprises means 
for transmitting an indicative information over a Cell Broad- 
cast Channel. 

12. The system of claim 9 wherein said means for 
55 informing each mobile subscribers further comprises means 

for broadcasting an indicative information over a broadcast 
channel (BCH). 

13. The system of claim 9 wherein said means for 
determining which one of said plurality of cell areas is 

60 associated within a mobfle switching center (MSC) serving 
said geographic area. 

14. The system of claim 9 wherein said means for 
determining which one of said plurality of cell areas is 
associated within a base station controller (BSC) serving 

65 said geographic area. 

15. A system for optimizing the utilization of chaimel 
resources within a plurality of ceU areas associated within a 
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mobile telecommunications network, said mobile telecom- 
munications network serving a plurality of mobile stations, 
comprising: 

a plurality of base transceiver stations (BTSs). each 

serving a particular one of said plurality of cell areas; 5 
a plurality of channels associated with each of said 

plurality of BTSs; and 
a mobile switching center (MSG) connected to said plu- 
rality of BTSs, said MSG further comprising: 
an application module for ascertaining which one of 
said plurality of BTSs are under-utilizing said asso- 
ciated channels; and 
means for broadcasting an indication to mobile stations 
traveling within a cell area associated with said 
under-utilized BTS; and 
a mobile station receiving said indication, operable to 
check whether a mobile subscriber subscribes to a 
flexible-charging feature and if so then applying a 
reduced rate for calls in accordance with said flexible- 20 
charging feature. 

16. The system of claim 15 wherein each cell area is 
further associated with a base station controller (BSC) and 
wherein said appUcation module requests and receives data 
representing a channel utilization level from said BSCs for 25 
ascertaining which cell area is being under-utiUzed. 

17. The system of claim 15 wherein each cell area is 
further associated with a base station controller (BSC) 
wherein each BSC is assigned with a threshold level for a 
cell area associated with said BSC and comprises an appli- 30 
cation module for comparing a channel resource utilization 
level associated with said cell area with said threshold level 
and informing said MSC if said utilization level is less than 
said threshold level. 

18. The system of claim 15 wherein said means for 35 
broadcasting said indication to said mobile stations further 
comprises means for transmitting indicative information 
over a Cell Broadcast Channel. 
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19. The system of claim 15 wherein said means for 
broadcasting said indication to said mobile stations further 
comprises means for broadcasting indicative information 
over a broadcast channel (BCH). 

20. A mobile telephone, comprising: 

means for receiving said indication at said mobile tele- 
phone that a reduced charging rate is available for 
subsequent calls; 

means for storing information indicating that a mobile 
subscriber has a subscription with a flexible-charging 
subscription feature wherein said flexible-charging 
subscriber feature for allowing a mobile subscriber the 
option of receiving an indication that a reduced charg- 
ing rate is available for subsequent calls and allowing 
access to said reduced charging rate; 

means for determining whether a mobile subscriber has 
subscribed to said flexible-charging subscriber feature; 
and 

in response to an afi&rmative determination and receipt of 
said indication at said mobile telephone, means for 
providing said indication to the mobile subscriber that 
reduced charging rates are in effect. 

21. The mobile telephone of claim 20 wherein said means 
for storing information comprises a Subscriber Identity 
Module (SIM) card associated, said SIM card for storing 
information indication that the mobile subscriber has a 
subscription with the flexible -charging subscriber feature. 

22. The mobile telephone of claim 20 wherein said 
indication that a reduced charging rate is available for 
subsequent calls being received over a Cell Broadcast Chan- 
nel. 

23. The mobile telephone of claim 20 wherein said 
indication that a reduced charging rate is available for 
subsequent calls being received over a broadcast channel. 
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